Chlorination was used to extract gold, silver, copper, lead and zinc from gold concentrate. Parameters of J3 leaching agent (the patented reagents of the research group) concentration, acidity, NaCl concentration, leaching temperature were optimised. The extraction of gold, silver, copper, lead and zinc were 96.85%, 73.84%, 90.63%, 93.8% and 48.39% respectively at optimum conditions.
Introduction
Gold reserves in our country is rich, but with the large-scale mining of gold deposits, rich ore gradually reduced, more and more lean ore appeared, while the polymetallic associated minerals in the poor ore occupies a large proportion. From the long-term economic analysis, it is unfavorable to extract only one or two of these metals. However, some of our mines only focus on the extraction of gold and silver, using the conventional cyanidation to extract gold [1, 2] . Compared with other extraction methods, cyanidation has the advantages of simple, and easy to recover. But due to the toxicity of cyanide and the long leaching time of refractory gold mines, researchers are encouraged to find alternative to cyanide extraction systems.
A suitable reagent for cyanide is thiourea because it can readily form a stable complex with precious metal ions in acidic media [3] . Compared with the cyanidation, the leaching rate of thiourea method is obviously improved, but because the thiourea is easily oxidized, the reagent consumption is higher, the price of thiourea is also more expensive, and the process of recovering gold from leaching solution is not perfect [4, 5] . These shortcomings make the thiourea leaching technology currently not widely used. Another potential lixiviant to be used is thiosulphate due to the fact that thiosulphate leaching has higher leaching rates and less interference from foreign ions compared with cyanidation [6, 7] . However, thiosulfate as leaching agent also has some problems, the reagent consumption is large, the leaching process needs to be heated, and the temperature range is small, making the process difficult to control [8] . Therefore, thiosulfate method need further study before putting into industrial production.
The 3YL organic chlorination method studied in this paper is a leaching system composed of organic chloride (represented by RCl) which can be separated from chloride ions in a certain concentration of hydrochloric acid solution. Take gold leaching as an example, gold is oxidized to Au 3+ by RCl and then complex with Clin solution to form AuCl 4 into the solution, thereby achieving the aim of extraction of gold. The reaction can be expressed as follows:
Au+RCl+NaCl→NaAuCl4+R´
(1) In the reaction equation: RCl represents a chlorine-containing organic lixiviant, R'represents the organic matter after the reaction.
Compared with the conventional cyanidation, 3YL organic chlorination in the leaching agent has the advantages of non-toxic, non-polluting, and low prices. The advantages of the leaching process are reflected in the rapid leaching rate, high extraction, and can be achieved multi-metal leaching at the same time.
Materials and Methods

Materials
A flotation gold concentrate collected from a gold smelting plant from Jilin province was used in this study. The chemical composition is presented in Table 1 in which metal components were determined by AAS, ICP-AES, X-Ray Fluorescence (XRF) analysis. The X-ray diffraction pattern of the gold concentrate is shown in figure 1 . The major mineral phases identified were Fe 2 O 3 , PbSO 4 , CuO, SiO 2 . As the gold, silver content is very low, it is difficult to see the obvious diffraction peak. Figure 1 . X-ray diffraction pattern for gold concentrate.
Leaching Tests
Oxidative pre-treatment of gold concentrate was carried out in a muffle electric furnace by roasting. The leaching tests were conducted at atmospheric pressure, adding J3 leaching agent, NaCl solid and hydrochloric acid. Stirrer speed was set to 500 rpm in order to keep slurry completely suspended. At the end of the leaching process, the slurry was then filtered using water suction pump and the residue was washed thoroughly several times. In order to estimate the leaching efficiency, the solid residue were chemically analyzed after oven-dried.
Result and Discussion
Effect of J3 Leaching Agent Concentration
During the leaching process, use J3 reagent as an organic chlorinating agent. On the one hand, it has a strong oxidizing, some metal elements or compounds can be converted into its corresponding ionic form in leaching system. On the other hand, the metal ions can be combined with the chloride ions separated from it step by step. The influence of J3 leaching agent concentration on multi-metal extraction was shown in figure 2 and figure 3 . The increase of J3 concentration favors the chemical reaction between solid and liquid phases, thus increasing the extraction. It is necessary to mention that in the higher chloride ion system, AgCl reacts with Clto form a coordination compound to achieve silver leaching. The XRD pattern of the ore sample shows that the main form of lead is lead sulfate, and in the system with high chloride ion concentration, lead sulfate is converted into lead chloride and further react with chlorine ions to form coordination compounds. Considering the leaching effect of various metals, the optimum concentration of J3 was 1.5 g/L in this experiment. 
Effect of Acidity
The influence of acidity on polymetal extraction was shown in figure 4 and figure 5 . The acidity increases, that is, the concentration of hydrochloric acid in the solution increases, so that the concentration of hydrogen ions and chloride ions in the solution increases, which is different for each metal leaching rate. In the roasting process, especially for the high iron content of the ore samples, will produce zinc ferrite which has stable chemical properties and insoluble in dilute acid at room temperature [9, 10] . In the experimental acidity and room temperature conditions, the structure of zinc ferrite cannot be damaged, which may be the reason for the low leaching rate of zinc [11, 12] . It can be seen that the available range of acidity for J3 agent is wide, and the leaching acidity is 1 mol/L hydrochloric acid in this experiment.
Effect of NaCl Concentration
The influence of NaCl concentration was shown in figure 6 and figure 7 . The leaching rate of lead was only 31.35% when NaCl was not added, and the maximum leaching rate of lead was 94.68% when NaCl concentration was 12%. It is shown that the chloride ions in the leaching system are only provided by the stepwise dissociation of the J3 reagent and hydrochloric acid, which is not sufficient to achieve better leaching of lead sulfate in the solution. Only in higher chloride ion system, PbSO 4 can be converted into PbCl 2 , and further react with chlorine ions to form PbCl 3 and PbCl 4 2-
. The higher concentration of NaCl, the easier to form the coordination compound with large coordination number by lead ions and chloride ions, thus increasing the leaching rate of lead. As the lead emissions will cause environmental pollution, taking the cost of reagents and other metal leaching effect into account, 8% was selected as the appropriate concentration of NaCl in this experiment. 
Effect of Temperature
The rise of temperature can accelerate the diffusion rate of reactive ions and increase the percentage of activated molecules, thus increasing the extraction. The influence of temperature was shown in figure  8 and figure 9 . The leaching rate of silver increased with the increase of leaching temperature, and the leaching rate of silver reached 76.02% at 50 °C. The effect of temperature on the solubility of silver chloride is more significant, and the solubility product constant of silver chloride at 25 °C and 50 °C are 1.8×10 -10 and 1.2×10 -9 , respectively. The increase of the solubility product constant is beneficial to the leaching of silver. At the same time, the temperature rise will also make the system to accelerate the evaporation of water, so the acidity of the solution increased. And the rise of temperature and acidity is advantageous for the leaching of zinc ferrite [13] . However, the increase of leaching temperature not only increases the production cost, but also causes the evaporation of the solution, so the optimum leaching temperature was fixed at room temperature 25 °C in this experiment.
Conclusions
In the leaching process, gold extraction is mainly affected by J3 concentration and acidity. Gold can achieve a good leaching effect, in the J3 concentration and acidity were 1.5 g/L and 1 mol/L, respectively. The leaching efficiency of silver is mainly affected by the concentration of J3 and the temperature, and the rise of temperature can significantly increase the extraction of silver. The leaching rate of copper is much affected by acidity. At pH = 3 and pH = 2, copper has almost no leaching efficiency, but when the acidity was increased to 1 mol/L, the extraction of copper can reach more than 90%. Lead leaching efficiency is mainly affected by acidity and NaCl concentration. By changing the amount of chloride ions in solution, lead can achieve better leaching efficiency.
